Summary. The acitivity of five glycohydrolases was measured in the plasma of Chinese hamsters from eight highly inbred lines in the Upjohn colony. The diabetic animals showed elevated activities of plasma ~D-galactosidase, N-acetyl-fl-D-glucosaminidase and N-acetyl-13-D-galactosaminidase but similar activities of plasma a-D-glucosidase and a-D-galactosidase to the nondiabetic animals. Line-specific variation was observed in all five enzymes and anomalies were especially evident in N-acetyl-/3-Dglucosaminidase and N-acetyl-fl-D-galactosaminidase activity. In two diabetic lines, AC and Z, activities of these two enzymes were not elevated although significant correlation was found with blood sugar levels. The pronounced difference in the plasma activity of N-acetyl-/3-D-glucosaminidase in two diabetic lines, XA and AC, did not involve plasma inhibitors or activators, as evidenced by the coincidence in observed and calculated activities in mixed plasma samples, or specific isozymes, concluded from the similar elution profiles on ionexchange column and thermostability curves. These data suggest that diabetes-related changes in plasma glycohydrolase activities are dictated by genetic factors and may be involved in the development of complications.
diabetic rats and Chinese hamsters [5] [6] [7] . In view of their functional activities in the degradation of glycoproteins and glycosaminoglycans which have been implicated in the development of diabetic complications [8, 9] , the changes in glycohydrolase activities may play important roles in the pathophysiology of the diabetic sequelae. However, the relationship between hyperglycaemia and alterations in these plasma enzymes was seriously questioned by the observation that the streptozotocin-induced and genetically diabetic (db/db) mice showed lower, instead of higher, activity of plasma glycohydrolases than the nondiabetic control mice [6] . These contradictory findings could arise from species-related difference and heterogeneity in the etiology of the various types of diabetes studied. Previously, we have demonstrated that the hereditary diabetic Chinese hamsters of the XA line in the Up john colony showed twice as much plasma N-acetyl-/3-D-glucosaminidase (EC 3.2.1.30) activity as the nondiabetic M line and there was a significant correlation between blood sugar and its activity [10, 11] . However, these Chinese hamsters were highly inbred; line-dependent variation unrelated to the manifestation of hyperglycaemia has been found in tissue lactate dehydrogenase (LDH) (EC 1.1.1.27) isozyme pattern and the development of diabetes further affected LDH isozyme distribution [12] . Moreover, although significant correlations between the diabetic syndrome in the Chinese hamsters and such biochemical and endocrine entities as renal glycohydrolase activities and plasma pancreatic insulin and glucagon contents were repeatedly observed, these parameters also showed line-specific variation in their response or relationship to the manifestation of diabetes [13, 14] . Therefore, a study on plasma glycohydrolase activities in the Upjohn colony of Chinese hamsters with spontaneous diabetes may shed new light on the effect of this disorder on 
Material and Methods
The diabetic Chinese hamsters were selected from six highly inbred lines (AC, AH, L, OT, XA and Z) and the nondiabetic from two (AV and M). These lines were propagated by matings between siblings using glycosuria or aglycosuria as phenotypic endpoints for selection [13] . The numbers of inbreeding generations for the animals used in the present study are as follows: AC (14th-16th), XA (17th-18th), AH (14th-15th), Z (15th), OT (8th-9th), L (30th-31th), AV (7th-8th), and M (16th).)M1 animals were male, 15-19 months old, allowed food and water ad libitum and housed in individual cages.
The animals were bled through the orbital sinus in the morning and 0.4~3.8 ml of blood was collected and mixed with 2 drops of heparin. A 20 ~tl portion was quickly diluted with 1 ml 0.6 mol/l NaF and kept frozen at -70 ~ for blood sugar determination 2--4 weeks later [15] . Plasma was collected from the remaining portion of blood by centrifugation and assayed for various glycohydrolases on the same day.
4-Methylumbelliferyl glycosides (0.25 mmol/1) were dissolved in buffers containing 0.1 mol/1 Na2I-IPO 4 and 0.05 mol/1 citric acid at appropriate pH. These solutions served as substrates. Enzyme activity was measured fluorometrically [16] after incubating 0.2 ml substrates with 0.01 ml diluted plasma samples at 37 ~ for 30 minutes; zero time controls served as blanks. Plasma was diluted one hundred fold for a-D-glucosidase (EC 3.2. In the study on thermostability of N-acetyl-/3-D-glucosaminidase, plasma was diluted i to 50 with distilled water and 0.2 ml portions in glass tubes sealed with parafilm were incubated in a water bath at various temperature for 15 minutes. The heating was terminated by immersing the tubes in a water-ice mixture and 0.2 ml chilled distilled water was added into the heated samples just before enzyme assay.
Plasma samples (0.2 ml) from AC and XA line animals were chromatographed at 5 ~ on DEAE-Sepharose CL-6B column 
Results

Comparison between Diabetic and Nondiabetic Chinese Hamsters
Comparison of the diabetic and nondiabetic animals is summarized in Table 1 .
The mean age of the 34 diabetic Chinese hamsters used in the present study was slightly lower than that of the 14 nondiabetic animals and they had been glycosuric for about 14 months. The glycosuric animals were also hyperglycaemic (309 _+ 13mg/ 100 ml) but they showed similar body weights as the aglycosuric animals despite the fact that they were slightly younger on the average. Among the five plasma glycohydrolases measured, a-D-galactosidase and a-D-glucosidase showed similar activities between diabetic and nondiabetic animals, whereas significantly higher activities of fl-D-galactosidase, N-acetyl-fi-D-glucosaminidase and N-acetyl-fi-Dgalactosaminidase were observed in the diabetic animals. /3-D-glucosidase was also measured at pH 5.5 and negligible activity was found in plasma.
Line-Specific Difference in Blood Sugar Level Duration of Glycosuria and Body Weight. The duration of
glycosuria varied between the lines and was related to the age of the animals ( Table 2) . Despite the lack N-acetyl-fi-Dglucosaminidase and N-acetyl-fi-D-galactosaminidase were more complex, however. Both enzymes showed three separate levels of activity in the eight lines of animals studied. Lines XA and L had the highest activity, AH and OT the medium, and AC, Z, AV, and M the lowest (Table 2) . Highly significant correlation (p <0.001) between blood sugar levels and enzyme activities were observed ( Fig. 1) with lines AC and Z sharing a separate relationship to the other 6 lines.
Plasma a-D-glucosidase activity showed no apparent relationship to the condition of diabetes (Tables  1 and 2 ). Diabetic line Z and non-diabetic line AV had the lowest plasma a-D-glucosidase activity whereas diabetic line XA and nondiabetic line M showed the highest.
Correlations between Blood Sugar Level and Plasma
Glycohydrolases and between Different Glycohydrolases. A highly significant correlation (p < 0.001) was found between blood sugar level and plasma /3-Dgalactosidase activity, whereas no correlation was evident between blood sugar level and the activities of plasma a-D-galactosidase and a-D-glucosidase (Table 3) . These results were in accord with the data in Table 1 when the diabetic and nondiabetic animals were treated as distinct groups. When data from all the animals were grouped together, correlations with blood sugar levels were also observed for plasma Nacetyl-fi-D-glucosaminidase (p = 0.067) and Nacetyl-fl-D-galactosaminidase (p < 0.001) ( Table 3 ). The higher level of significance found in N-acetyl-fl-D-galactosaminidase apparently stemmed from the fact that plasma from only six AC animals, which had anomalous levels, was analysed whereas twelve AC animals were studied for N-acetyl-/3-D-glucosaminidase.
Significant correlations between N-acetyl-/3-Dglucosaminidase and a-D-galactosidase (p <0.001) and/3-D-galactosidase (p --0.03); and between Nacetyl-fl-D-galactosaminidase and a-D-galactosidase (p < 0.001) and/3-D-galactosidase (p = 0.01); were also observed (Table 3) . Parallelism with highly significant correlation, i. e., r = 0.9322 and p < 0.001, between the activities of N-acetyl-fl-D-glucosaminidase and N-acetyl-/3-D-galactosaminidase was also found. Correlation between a-D-glucosidase and the other glycohydrolases was lacking, however ( Table   3) .
Activities of N-Acetyl-fl-D-Glucosaminidase
in Mixed Plasma Samples of AC and XA Line Animals. Table 4 shows the effect of mixing XA and AC plasma samples on N-acetyl-fl-D-glucosaminidase activity. It is apparent that the difference in XA and AC line plasma N-acetyl-fl-D-glucosaminidase levels was not due to the presence of inhibitors or activators in the plasma samples since the activities in mixed samples at different ratios appeared to be additive. with different thermosensitivities [10] . Both AC and XA line plasma samples lost all of N-acetyl-/3-Dglucosaminidase activity after heating at 60 ~ for 15 minutes and both samples would have lost 50% of the total activity after heating at 47.5 ~ for 15 minutes (shown by arrows in Fig. 2) . It, therefore, appears that AC and XA line animals contained similar proportion of plasma N-acetyl-/3-D-glucosaminidase isozymes.
Elution Profiles of Plasma Glycohydrolases of AC and XA Line Animals on DEAE-Sepharose CL-6B
Columns. Ion-exchange column chromatography of plasma glycohydrolases of AC and XA animals was run for the purpose of identifying specific isozymes and co-activity between these glycohydrolases; the elution profiles are shown in Figure 3A (XA line) and 3B (AC line). Plasma a-D-glucosidase, a-Dgalactosidase and/3-D-galactosidase were eluted off the columns as single peaks at 0.195, 0.215, and 0.120 mol/1 NaC1 respectively for both AC and XA line animals. N-acetyl-/3-D-glucosaminidase and Nacetyl-/3-D-galactosaminidase emerged as two major and one minor peaks at 0.01, 0.06, and 0.12-0.15 mol/1 NaC1 in both Figures 3A and 3B .
Discussion
The present study indicates that although some glycohydrolases are highly elevated in the plasma of diabetic animals in certain highly inbred lines, the aberrant phenomena are quasi-general, in accordance with the inconsistency observed in diabetic humans and various animal models by several groups of investigators [1] [2] [3] [4] [5] [6] [7] .
Among the five glycohydrolases reported in this study, only the activity of/3-D-galactosidase was consistently higher in the plasma of the diabetic Chinese hamsters and it was significantly correlated to the severity of hyperglycaemia. Therefore, hyperglycaemia may play a causative role in or share a common antecedent with the elevation of plasma/3-Dgalactosidase in these diabetic animals. Contrariwise, although the activities of/3-D-galactosidase and a-Dglucosidase in the plasma also showed line-specific variations, they did not vary with the state of diabetes since no correlation to blood sugar level was found. It is thus concluded that the line-dependent difference in plasma a-D-galactosidase and a-D-glucosidase in the Chinese hamsters arose from genetic traits unrelated to diabetes.
Our data also suggest correlation between the state of diabetes and plasma N-acetyl-/3-Dglucosaminidase and N-acetyl-/3-D-galactosaminidase activities. The response of these two plasma enzymes to the manifestation of hyperglycaemia differed between the highly inbred lines and could be separated into two groups. Lines XA, L, AH, and OT contained highly responsive animals whereas animals in AC and Z lines showed exceedingly modest response as they developed hyperglycaemia. The crucial question now remains as to what factor(s) caused the increase of these plasma enzymes in XA, L, AH, and OT line animals and/or what element(s) prevented AC and Z line animals to raise their plasma activities of these two enzymes during or after the onset of hyperglycaemia.
Elevation of plasma or serum N-acetyl-/3-Dglucosaminidase has been found in human diabetic patients [1] [2] [3] [4] and in the chemically induced diabetic rat [5, 6] and Chinese hamster [7] . A lack of response to hyperglycaemia regarding the plasma activity of N-acetyl-/3-D -glucosaminidase has also been reported in db/db mouse at the early and hyperinsulinaemic stage and the streptozotocin-diabetic mouse [6] , akin to our data in the AC and Z line Chinese hamsters. However, these diabetic mice also showed low plasma fl-D-galactosidase activity, in contrast to what was observed in the AC and Z line Chinese hamsters. Therefore, the effect of diabetes on the elevation of plasma glycohydrolases appears to be extremely complex and may involve multiple and specific factors.
Plasma a-D-galactosidase, fl-D-galactosidase, and a-D-glucosidase yielded distinct peaks of activity on DEAE-Sepharose CL-6B columns, indicating that these activities were elicited by specific enzymes. Two lines of experimental evidence suggest that Nacetyl-/3-D-glucosaminidase and N-acetyl-/3-Dgalactosaminidase activities were carried out by the same proteins: coincidental peaks on anion-exchange column and highly significant correlation in their activities in individual samples. Our data also suggest that the line-dependent variations in these enzymes were not caused by specific isozymes in view of the similarity in the elution profiles on anion-exchange column and the heat denatuation curves between XA and AC line samples. The coincidence in the measured and calculated activities in mixed plasma samples of XA and AC lines excluded the likelihood that inhibitory or activating factors were involved in cansing the line-dependent difference in N-acetyl-/3-Dglucosaminidase activity.
The ever-increasing list of biochemical and endocrine entities which show line-specific variation in the Upjohn colony of Chinese hamster [12] [13] [14] now includes the plasma glycohydrolases. The heterogeneity in these elements, either related or unrelated to the manifestation of hyperglycaemia, further attests to the genetic mosaicism in the diabetic population in the colony. The specificity held in these parameters may offer a unique opportunity to study their potential relationship to various pathological conditions associated with diabetes. The AC and Z line animals are of particular interest since they show low levels of plasma glycohydrolases which are implicated in diabetic microangiopathy [1] [2] [3] [4] [5] [6] . Whether animals in AC and Z lines possess different proclivity to develop diabetic complications than others is now under investigation.
